This article investigates the relative effectiveness in the ways in which physiotherapy exercises are administered to patients with residual stroke. The exercises were designed to improve walking by increasing the ability of the affected limb to bear weight during the single support phase of the gait cycle and, therefore, to increase the duration of this phase, thereby making the gait pattern more symmetrical. Twenty patients were divided into four equal groups, one of which acted as a control, receiving no treatment. The other three groups received exercises for two 1-h sessions per week supervised by a physiotherapist in an outpatient facility (group A), by a spouse or companion at home (group B), or by a combination of these (group C). Treatment was given for 6 months with assessments at monthly intervals during and for 3 months posttreatment. Results from this study indicate that on any given visit there were no differences between any of the four groups with respect to increasing the duration of single support on the affected side nor gait symmetry nor walking speed. When each group was compared to pretest data, only walking speed was found to increase significantly, but even this improvement, seen only in the treatment groups, was inconsistent and not maintained. The possible reasons for these results and their implications for rehabilitation are discussed.
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The residual functional deficit following stroke has far-reaching implications in terms of quality of life of the victims and from an economic viewpoint (1) (2) (3) (4) . According to Christie (5) , approximately one third die at the time of the insult or shortly after, one third remain chairfast or bedfast, and one third regain some useful function. As a result, stroke is the leading cause of long-term disability, particularly in elderly populations, in North America (6) . Despite a reduc-tion in the actual incidence of stroke, the increases in population and in the number of older people within the population indicate that it is likely that disability owing to cerebrovascular disease will continue to exert a considerable demand on health-care systems for some time (7, 8) .
The medical and surgical treatment of stroke is limited, with the consequence of the primary therapeutic approach being directed towards the rehabilitation of the survivor (9) . Nichols (10) has defined rehabilitation as implying the restoration of patients to their fullest physical, mental, and social capability, but points out that, in practice, it refers to the physical management of disability. Rehabilitation is carried out by a team of professional personnel (11) , and the physiotherapist is considered to be a fundamental member of the stroke rehabilitation team (11) (12) (13) .
The role of physiotherapy, in general terms, has the objective of restoring more normal function and is particularly involved in the assessment, treatment, and management of problems of movement (14) (15) (16) . Although physiotherapy is applied widely in the rehabilitation of stroke, many of the techniques are based on neurophysiological and neuropsychological theories and have never been subject to carefully controlled experimental scrutiny (17) . Views of the effectiveness of physiotherapy, therefore, have ranged from enthusiastic intuitive support (18, 19) , through critical suspicion (20) , to outright rejection (9) , the latter paper proposing a redefinition of the objectives of physiotherapy.
One factor that has complicated research of physiotherapy in stroke rehabilitation has been the difficulty in separating the effect of the rehabilitation training from functional return owing to spontaneous recovery of central nervous system activity (21) . It is generally assumed that spontaneous recovery occurs in the first 6 months after the stroke and is virtually complete after 1 year (21) . The same researchers, however, have produced evidence to strongly suggest that rehabilitation training produced gains that were not attributable to spontaneous recovery. Another major complicating factor in the researching of physiotherapy in stroke is the content of the therapeutic exercise programs used. In many reported studies the actual procedures are not identified (6, 9, 22) . In other instances physiotherapy is referred to in general terms, with little attention being paid to specific details of technique, frequency, and duration of application (10, (22) (23) (24) (25) .
A variety of physiotherapy management models have been proposed by several workers to deal effectively with the rehabilitation of people suffering from neurological dysfunction including stroke (26) (27) (28) (29) . These approaches that involve strategies of therapeutic exercise have been analyzed by Gonella et al. (30) , who proposed four denominators common to all models. The four common factors were: the use of sensory input to facilitate or inhibit central nervous system activity; the application of neurodevelopmental concepts; the application of skillful manual techniques; and the use of concepts from the psychology of learning. One of these models, that developed by Bobath (27) has received wide subscription and is particularly evident in neurological physiotherapy and related literature (11, 16, 31, 32) . The principles proposed by Bobath emphasize, in the treatment of stroke, reeducation of the affected side by the suppression of abnormal patterns of move-ment, which includes the reduction and control of levels of spasticity (33) . Once this has been achieved, procedures are then applied that are designed to facilitate more sophisticated patterns of movement, including the elicitation and retraining of normal postural reactions such as righting, equilibrium, and weight-bearing responses (16, 31) . These principles are applied in the rehabilitation of gait of the stroke victim, an activity which, according to Nichols (10), accounts for a great proportion of the time devoted to rehabilitation.
In studies that have measured forces beneath the feet, hemiplegics have been shown to bear a greater percentage of body weight on the sound limb when compared with the affected side (34) . This asymmetry, resulting from abnormal muscular activity, abnormal postural mechanisms, and sensory deficit (32) , suggests a favoring of the affected limb. Measurements of the temporal aspects of gait have been used to demonstrate the extent of these asymmetries as well as their position in the walking cycle (35, 36) . There is some evidence from a study on hemiplegic cerebral palsied children that an improvement in the temporal aspects of gait accompanies an improved symmetry of load bearing (37) . Based on a Bobathian framework, Lane (16) has developed a series of therapeutic exercise procedures designed specifically to promote reduction of body asymmetry caused by stroke, and to reduce increased muscle tone that would interfere with normal movement, improve the patient's ability to control the affected limbs in space, and promote weight transfer through the affected limb through the retraining of normal balance reactions. These exercises have the major objective of developing a more efficient gait pattern by increasing the ability of the patient to effectively weight transfer through the affected leg, thus increasing the duration of the support phase of that limb.
An issue that has been raised in the literature recently is the duration of rehabilitation of stroke patients and the frequency and duration of therapeutic exercise given by physiotherapists (16, 38) . Traditionally, it has been thought that recovery of function after stroke lasts from between 3 and 9 months (39, 40) . This had tended to be the period when rehabilitation has been provided with the aim of maximizing this recovery process (41}. Recently, however, doubt has been cast on these time periods, with suggestions that the stroke patient may continue to recover for much longer periods of time (42) . It is widely accepted that rehabilitation of residual deficit from stroke is expensive (43) , and that consideration of the cost benefit is an important factor in maximizing the resources of health-care delivery systems (44, 45) . In order to maximize available resources, it has been proposed (9, 46 ) that attention should be paid to prognostic factors in selecting stroke patients for realistic rehabilitation and that alternative treatment, carried out by volunteers or more simply trained personnel, merited consideration. Recently the role of the family members has been shown to be of considerable importance in enhancing successful rehabilitation and maintaining the gains achieved during rehabilitation (47) (48) (49) . An important feature of the therapeutic exercises developed by Lane (16) is that they are simple and can thus be performed by the patient at home under the supervision of a family member or in a physiotherapy department. The former strategy has some potential advantages. Therapeutic exercise could be maintained after discharge from the formal rehabilitation setting, thus maintaining achieved gains through continued practice and family involvement (47) . A home exercise program would have the added advantage of maximizing any late unaccountable spontaneous improvement of function similar to that described by Basmajian et al. (50) . The patient would also be able to partake in remedial exercises, which would be cost efficient in terms of reduced physiotherapist's time and reduced travel. In addition, the patient could adhere to more effective and more frequent practice schedules, which would maximize the acquisition of the walking skill to be learned (38) . The involvement of a family member would further enhance effectiveness (51) .
This article investigates the relative effectiveness of a hospital-based physiotherapy program and a home-based exercise program in the treatment of chronic stroke victims. These programs employed standard forms of treatment, based on Bobathian principles, given for 6 months with evaluations of patient progress made both during and after treatment. The objective of this study was to determine if these exercises are effective and whether they can be administered in a more cost-efficient manner.
Methods
Twenty subjects were selected from a group of stroke patients who had been discharged from hospital. The sample included both men and women between the ages of 45 years and 70 years inclusive who had a residual hemiplegia owing to a stroke suffered between 18 months and 10 years previously. The subjects all had undertaken a process of formal rehabilitation and been discharged from this process. Exempt from the study were patients with negative prognosticators including serious or unstable medical conditions, major central sensory disorders, homonymous hemianopia, marked cognitive disturbances including memory defects, intractable pain, motivation defects, and incontinence of bowel or bladder.
Subjects were capable of walking with or without a cane but all demonstrated, subjectively, a reduced support phase time on the affected lower limb. The patients were randomly assigned to one of four groups A, B, C, or D, each containing 5 patients. Treatment was given in 1-h sessions as shown in Table 1 .
A series of 10 exercises, designed hierarchically in terms of complexity, were undertaken. Each exercise lasted for a period of 5 min distributed in the following manner: 1.75 min were spent performing approximately 10 repetitions of each exercise, and this was followed by a rest period of 45 s. The same exercise were repeated in an identical manner followed by another 45 s rest period. A total of 10 exercises were performed in the 1-h period with 5 min rest intervals included after the fifth exercise (25 min) and after the eighth exercise (45 min) . intervals, the most basic exercise in the group of 10 was dropped and an additional more demanding exercise was introduced at the end of the series. This strategy enabled a basic form of exercise progression to occur. A series of instructional videotapes was made to demonstrate the correct way to do each of the exercises. These were shown to the patients and companions involved in the groups undertaking home exercises when they visited the laboratory for assessment. To reinforce this familiarization session by the therapist, a booklet describing the exercises, with information on the sequence and duration of each, was provided. The exercises were undertaken for a 6-month period. Subjects were requested not to practice the exercises at any times other than those scheduled.
The subjects in group A attended a physiotherapy facility for 1 h twice weekly for a period of 6 months. The exercises were taught by the physiotherapist who provided feedback and corrected the patient in a manner consistent with the normal role of a physiotherapist. The subjects in group B performed the Table 1 . Treatment groups identical exercise regimen to those in group A but the program was undertaken in the subject's home with supervision and correction from their spouse or companion. The physiotherapist monitored the home exercise program to provide the spouse or companion with clarification on matters arising and for purposes of promoting subject compliance. Subjects in group C attended a physiotherapy facility for 1 h once a week to undertake the exercises under the supervision of a physiotherapist. In addition, the subjects performed the exercises once a week in their own home under the supervision of a companion or spouse. The content, sequence, temporal profile, progression, and duration of exercise program were identical for each of the groups. The patients assigned to group D acted as controls throughout the experiment.
Each patient was assessed before treatment, visit 1, and at 1-month intervals during treatment, visits 2-7, and for 3 months after treatment, visits 8-10.
The techniques used to assess gait both subjectively and objectively have been described earlier (52) . The overall walking performance was assessed using walking speed, normalized according to stature as suggested by Grieve (53) . In order to determine the effect of the exercises in improving weightbearing on the affected limb, measurements of the duration of the single support phase of that side were used. To demonstrate the degree of temporal symmetry of the walking pattern, the ratio of single support times of the sound and affected limbs was used, this is referred to as the asymmetry ratio (35) .
A one-way analysis of variance, with treatments fixed and subjects randomly assigned to groups, was used to determine if there were any significant differences between treatment groups based on data from the objective assessment.
Results
The mean data for relative speeds for each of the groups over the entire period of the study, together with the standard deviations, are shown in Table 2 . Tables 3 and 4 show the durations of the single support phase of the affected side and the asymmetry ratios of the single support phase, respectively.
A one-way ANOVA of these data for visit 1 indicates that, with respect to duration of the single support phase of the affected side, the single support phase asymmetry ratios, and relative speed, there were no differences between the groups at the 0.05 level of significance.
The relative speed data for the control group shows that walking speed varies from visit to visit, and that there appears to be a slight increase over the 9-month period of the study ( Table 2 ). The same observation applies to group A. There appears to be a very slight trend of increasing relative speed with time for groups B and C. Table 3 shows that, with respect to the duration of single support of the affected side, groups A and C do not change and that groups B and D appear to increase slightly. None of the groups demonstrates a trend of change with time when the asymmetry ratios for the single support phase are considered, as shown in Table 4 .
A one-way ANOVA shows that there are no significant differences between the groups, at the 0.05 level, at any of the visits for any of the measures. A Table 3 . Single support times, expressed as percentages of stride time, for each group on each visit 'End of treatment. matched paired t test was performed on the data comparing the initial visit with each of the subsequent visits, within the groups. Increases in relative speed were significant for group A on visit 6 and for group B on visit 10. The increase for group C was significant on visits 5 and 8 and was close to being significant from visit 4 onwards. For the control group, no significant change in walking speed was noted. The duration of single support of the affected side was found to remain unchanged in all groups. The only significant change in the asymmetry ratio was a decrease and was found on visit 2 for group A.
Discussion
The small sample size used in this study was originally proposed in order to obtain a carefully matched group and thereby eliminate a number of confounding variables. Even with careful selection, the subjects in the study were found to have widely differing gait profiles, despite all being in possession of what is commonly referred to as a &dquo;hemiplegic gait.&dquo; This, in itself, is an important finding and was the focus of the paper dealing with the gait analyses carried out in the pretest and presented in detail earlier (35) . It was found that not only were there marked interindividual differences in the degrees of asymmetry of the various support phases but also in the location of these asymmetries. This clearly demonstrates that, although the patients met the criteria outlined in the methods section, the sample was far from homogeneous. It is perhaps because of these differences in gait profile, combined with the small sample size, that so few significant differences were found when the group data were compared.
The exercises that were carried out by groups A, B, and C were designed to improve the gait pattern by increasing the ability of the patient to transfer weight through the hemiplegic limb. In turn, this objective would increase the time spent on the affected limb in single support and thereby improve gait symmetry. None of the groups was found to improve on this parameter, indicating that these exercises, as administered in this study, are ineffective regardless of the format, be it under the direction of a physiotherapist in a physiotherapy department or a companion in the patient's own home. This finding is of some importance as it implies that a standard physiotherapy treatment of stroke patients does not appear to be effective in its application to residual stroke patients. Further, this may cast some doubt on the efficacy of these exercises, as administered in this study, in the treatment of the acute stroke.
The only improvements that were found to be significant were in walking speed. The group that improved the most was that in which patients combined outpatient physiotherapy with a home exercise program. That there were improvements noted in speed of walking but not in the duration of single support time and asymmetry, which the exercises were designed specifically to address, is an interesting finding. It must be remembered that the subjects in this study walked very slowly when compared with a normal healthy population. It may well be, therefore, that the patients when being assessed were more concerned with walking more quickly at the expense of symmetry. An indication that this might be occuring is that an increase in walking speed is normally accompanied by an increase in the duration of the single support phase when expressed in terms of percentage of stride time. This, together with the fact that the exercises were designed to improve this percentage, would lead one to anticipate that if walking speed increased, then the single support time would show even greater improvements. This did not occur. It would be interesting to ascertain if, in fact, an increase in walking speed in these patients was linked with a decrease in the quality of the walking pattern as reflected in the gait parameters used here. In other subjects the walking pattern may have been so close to being symmetrical that little or no improvement was possible.
That the data obtained in this study failed to reveal differences between the groups may be due to the fact that there were indeed no differences, or that the disparity within the groups combined with the small sample size masked any differences. The specific exercises that were used in this study all had the objective of improving weight transfer through the hemiplegic leg. In order for these exercises to be effective it is important that the patient actually shift body weight through the affected leg during the treatment sessions. In most clinical settings, this factor is only monitored by the physiotherapist subjectively, to ensure that this objective is met during each repetition of the exercise. This, however, is not an easy assignment, particularly in dealing with patients who have had a residual disability for extended periods as they have had a considerable period of time to develop compensatory strategies. In some instances, we suspect, some subjects did not adequately perform this weight transfer despite an illusion to the contrary. If this suspicion is correct, then the likelihood of the exercises being ineffective is high. This latter factor clearly is worthy of further investigation, together with the testing and further development of pressure sensitive feedback devices.
Another factor, closely related to motivation and compliance that may have had a bearing on the results of this study pertains to boredom. In an attempt to standardize the exercise program undertaken by the subjects, consistency was a principal feature. As a result, those who supervised the exercises had no discretion to vary the nature, sequence, or duration of the exercise program. This appeared to cause an element of boredom both in the subjects and the person supervising the exercises. It is likely that this affected subject motivation, particularly in the later stages of the program. This factor is being investigated further at this time.
The duration, frequency, and intensity of the exercises (2 hourly sessions per week) were chosen because this schedule reflected a fairly typical physiotherapy program that might be prescribed for a residual stroke patient. In addition, the subjects were asked to refrain from exercising in the period between the sessions in an attempt to standardize the exercise program. This study clearly shows that this format is ineffective in improving gait. However, had the same exercises been undertaken in a different format, for example at higher frequency and shorter duration, the results may have been different. This view is strengthened when it is considered that a new motor skill requires practice much more than 2 h/week for successful acquisition in a person with a normal central nervous system. Given that the subjects in this study had attained the majority of their recovery potential, the walking pattern, which was the objective of the exercises, could be considered as a new skill that was being acquired. As such, it is probable that a much greater intensity of exercise (practice) would be required to reach new levels of locomotor performance. Unfortunately, this logic is confounded by accompanying increasing problems of motivation, compliance, and potential cost. However, this problem urgently requires attention by innovative health professionals and a radical change of health care emphasis may be required before progress can be made.
It has long been known that the extent of the original lesion, in stroke, dictates the degree to which the patient recovers. Although the patients were carefully selected according to specific known prognosticators and functional capabilities, it is likely that the extent of central nervous system damage among the subjects varied. This factor, which is very difficult to control, may have contributed to the intersubject variability in the response to the exercise program.
As a result of the residual nature of the gait disability exhibited by these subjects, the abnormal gait pattern, characterized by subjective evidence of support phase asymmetry, was longstanding in all cases. In addition, many of the subjects had not been exposed to an exercise program for some considerable time, with the result that the gait pattern was well established, as were any undesirable features of the pattern. The objective of improving temporal symmetry demanded an alteration of this habitual gait pattern, which in most cases was of a compensatory nature (marked dependence on the sound leg for balance purposes). In order for improvement to occur, the habituated pattern had to be dismantled. A number of authors have drawn attention to the long periods over which remedial measures are required to be applied before improvement occurs (42) . The period of 6 months used in this study may not have been long enough to effect real change given that a large portion of this period may have been taken up with converting from a habituated asymmetrical gait pattern to the more symmetrical pattern, which theoretically should have resulted from the exercises provided.
Conclusion
The results of this study indicate that therapeutic exercises designed to increase weight bearing through the affected limb did not improve gait symmetry in a group of residual stroke patients. The outcome was the same whether they were done in an outpatient facility under the supervision of a physiotherapist or at home under the guidance of a spouse or companion. Furthermore, the groups receiving therapeutic exercises did not fare better than a control group with respect to increasing either the time spent in single support on the affected side or the degree of gait symmetry. Significant increases in walking speed were noted for each of the study groups at different points in the study period when the groups were compared with their own performances on the first visit before the exercise program started. No such increase was seen in the control group. This may suggest that the treatment groups demonstrated an improved walking ability by increasing walking speed rather than by decreasing the degree of asymmetry. However, this relationship would have to be investigated further in order to verify this suggestion.
Clearly, this study has demonstrated that if the long-term use of exercises is to be implemented, very careful consideration needs to be given to the nature of the exercises. The exercises themselves need to be validated in order to ascertain that they do indeed effect a shift in the center of mass over the affected limb. The optimum frequency and duration of exercises will have to be determined. If, as we suspect from other learned skills, this means more frequent practice, this makes the option of home-based exercises even more attractive because outpatient facilities simply could not handle the number of patients involved nor could the economy. If the problem of compliance is to be overcome in home exercise programs, we will have to take a more radical approach to the design of the exercises. In this context we must design programs which are challenging, effective, and enjoyable to do. Finally we must address the question of interindividual differences in this population. The next step in this ongoing investigation must be to determine how individuals responded to the treatment received and to try to link this with the possible confounding factors, such as motivation and extent of original lesion, identified above. This may well provide infoimation useful in determining which subjects are likely to benefit from such an exercise program and to better ascertain which particular exercises should be prescribed. If these advances can be achieved, we may well see results that indicate far more clearly than this study has been able to, that long-term therapeutic exercise can be of functional benefit in residual hemiplegia.
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